
Int J Clin Exp Med 2017;10(7):10287-10296
www.ijcem.com /ISSN:1940-5901/IJCEM0050894

Original Article 
Tanshinone IIA pretreatment attenuates oxygen-glucose 
deprivation induced hippocampal neurons damage

Zhikai Dai1,2, Yifei Chen1, Fei Feng3, Yong Luo3,4

1Department of Pharmacology, 2Center for Diabetic Systems Medicine, Guilin Medical University, Guilin 541004, 
China; 3Department of Neurology, The First People’s Hospital of Zunyi, The Third Affiliated Hospital of Zunyi Medi-
cal University, Zunyi 563002, China; 4Department of Neurology, Guizhou Aerospace Hospital, Zunyi 563003, 
China

Received December 7, 2016; Accepted May 22, 2017; Epub July 15, 2017; Published July 30, 2017

Abstract: Objective: Tanshinone IIA (Tan IIA) has been used in treatment of ischemic stroke in China. This study was 
designed to investigate the underlying neuroprotective mechanism of Tan IIA pretreatment in primary cultured rat 
hippocampal neurons incurred oxygen-glucose deprivation (OGD). Method: Hippocampal neurons was prepared 
from E18 embryonic rats and identified by immunocytochemical staining. After OGD and pretreatment with Tan IIA, 
cell viability was measured using MTT assay. Lactate dehydrogenase (LDH) activity, Caspase-3 activity and adenos-
ine triphosphate (ATP) level were detected using assay kits. Cell apoptosis analysis was carried out with flow cy-
tometry. Mitochondrial membrane potential and intracellular calcium were monitored by fluorospectrophotometer. 
Ubiquinol-cytochrome c reductase, Rieske iron-sulfur polypeptide 1 (UQCRFS1) expression was mesured by RT-PCR 
and Western blotting. Results: Hippocampal neuron were incurred OGD for 6 h, the cell survival was decreased to 
(61.5 ± 4.1)% comparing to the control group (set 100%). Pretreatment with Tan IIA at 3, 10, 30 and 100 mM, the 
cell survivals were (70.5 ± 2.1)%, (72.8 ± 4.4)%, (78.8 ± 3.4)% and (83.5 ± 3.1)% respectively and higher than that 
of only OGD-ed group. Exposure of the cells to OGD, cell apoptosis was induced, intercellular Caspase-3 activity was 
elevated, ATP level was decreased and LDH activity was increased in the culture supernatants. Pretreatment with 
Tan IIA alleviated all the changes. Furthermore, OGD may induce mitochondrial membrane potential decreasing and 
intracellular calcium level elevating in the neuron, Tan IIA pretreatment also alleviated these effects. When the cells 
were exposed to OGD, both mRNA and protein level of UQCRFS1 were decreased, Tan IIA pretreatment attenuated 
the changes caused by OGD. Conclusion: Tan IIA pretreatment can reduce energy damage of the neurons induced 
by OGD, which is associated with attenuating the changes in mitochondrial membrane potential and UQCRFS1 
expression.
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Introduction

Ischemic brain injury is one of the major con-
tributors to mortality and disability worldwide 
and a major public health problem [1, 2]. It is 
often caused by a transient or permanent 
reduction of cerebral occlusions [3] and leads 
to serious and complex pathophysilogical 
changes affecting multiple levels of the brain 
and sports a high global mortality rate as the 
leading cause of neurological disability [4, 5]. 
The brain is very susceptible to damage by 
energy-depriving injuries which can result in 
membrane depolarization, inflammation and 
apoptosis [5, 6], due to low energy levels, high 
aerobic metabolism, and low concentrations  

of radical-scavenging enzymes [7]. Extensive 
efforts have been made to develop new chemi-
cals and methods for prevention and treatment 
of ischmic brain injury. Accumulating evidences 
from animal studies and clinical trials have 
shown that ischemic postconditioning, a series 
of rapid intermittent interruptions of blood flow 
in the early phase of reperfusion that mechani-
cally alters the hydrodynamics of reperfusion 
[8], is an effective procedure to suppress sec-
ondary tissue injury following recovery of blood 
supply in brain [9], as well as in heart, liver and 
intestine [10]. Recent studies have focused 
especially on ischemic preconditioning, known 
as induced tolerance to trigger an intrinsic  
neuroprotective mechanism [11, 12]. Although 

http://www.ijcem.com


Neuroprotective effect of Tanshinone IIA through regulating energy metabolism

10288	 Int J Clin Exp Med 2017;10(7):10287-10296

ischemic preconditioning is considered as a 
potential strategy for treating brain ischemic 
injury, it has never progressed to detailed clini-
cal investigation [13]. This was largely due to 
the logistics of inducing preconditioning isch-
emia in brain in advance of a more prolonged 
insult (e.g., that would lead to stroke or myocar-
dial infarction). The alternative strategies are 
chemicals, which were shown to be effective/
feasible treatments for some brain diseases (or 
brain ischemic injury) [14, 15].

Tanshinone IIA (Tan IIA) is a key compound  
purified from the Chinese herb Danshen (Radix 
Salviae Miltiorrhiza Bge), it has been reported 
functioning as an antioxidant and anti-inflam-
matory reagent in vitro and in vivo [16, 17]. Tan 
IIA has been commonly used in China for the 
treatment of angina pectoris and cerebrovas-
cular disorders such as ischemic stroke [18, 
19]. Tan IIA can protect rats and mice against 
cerebral ischemic injury [20]. Recent study 
showed that Tan IIA has beneficial effects on 
brain through enhancing neuron regeneration 
and inducing cell proliferation [21]. Tan IIA  
pretreatment has also been reported to have 
neuroprotective effects on neonatal hypoxia- 
ischemia brain damage [22] and transient or 
permanent focal cerebral ischemia [23]. More- 
over, pretreatment with Tan IIA can prevent  
the neuroblastoma cell line PC12 from apopto-
sis induced by serum-free culture conditions 
[24]. The effects might be associated with its 
antioxidative potential [22, 25], blocking the 
activation of HIF-1α/SDF-1 pathway [26] and 
mediating brain iron homeostasis [20]. These 
studies suggest that Tan IIA pretreatment has 
beneficial effects on ischemic brain injury. 
However, the underlying mechanisms remain 
unclear. Mitochondrial permeability transition 
pore plays a role in cardioprotection induced by 
Tan IIA pretreatment [27]. Currently, no report 
focus on the effect of Tan IIA pretreatment on 
mitochondria of brain or neurons. In this study, 
we analyzed the neuroprotective effects of Tan 
IIA pretreatment and its effects on mitochon-
drial membrane potential and energy metabo-
lism of primary rat hippocampal neurons.

Material and methods

Hippocampal neuronal culture

Use of animals has been approved by the In- 
stitutional Animal Care and Use Committee of 

Guilin Medical University. For all experiments, 
we used an in vitro system of primary cultures 
of hippocampal neurons prepared from E18 
embryonic rats (SPF experimental animal cen-
ter of Guilin Medical University, Guilin, China). 
Briefly, hippocampi were dissected and re- 
moved from embryonic rats and placed in cold 
phosphate buffered saline solution (PBS) con-
taining penicillin, streptomycin, and amphoteri-
cin B. The tissues were stripped of meninges 
and blood vessels, minced in a thermally insu-
lated container on ice, and dissociated by en- 
zymatic digestion. Cells dissociated from the  
hippocampi were pooled and resuspended in 
Dulbecco’s minimum essential medium (DM- 
EM) containing 10% F12 medium and 10% fe- 
tal bovine serum (FBS) (all from Gibco BRL, 
Grand Island, NY, USA). The cells were further 
seeded in poly L-lysine (Sigma, St.Louis, MI)-
coated 96-well culture plates (for cell viability 
assay), 35-mm tissue culture dishes with poly 
L-lysine-coated 22-mm coverslips (for immuno-
cytochemical staining) and 6-well culture  
plates (for other experiments) at the density of 
1×104 per cm2. The second day, the medium 
was changed to the medium with 1% serum. 
The cultured cells were used from in vitro days 
11 to 13.

Immunocytochemical staining

Immunocytochemistry was performed with a 
monoclonal anti-rat neuron-specific enolase 
(NSE, a neuronal marker [28]) antibody (Santa. 
Cruz, CA) and ElivisionTM plus polyer HRP IHC  
kit (Maixin Biological Technology Ltd., Fujian, 
China). Briefly, neurons on coverslips were 
fixed, blocked with blocking reagent and then 
incubated with NSE antibody (2 μg/ml) at room 
temperature for 1 hour and washed with PBS. 
The cells were incubated with polymer en- 
hancer for 20 min, then followed with polymer-
ized HRP-anti mouse/rabbit IgG antibody for  
50 min and rinsed in PBS between the incuba-
tion steps. After washed with PBS, peroxidase 
reaction was performed by use of 3, 3’-diami-
nobenzidine for 5 min. After counterstained 
with haematoxylin, the cells were dehydrated 
and mounted. Cells known to show strong 
immunostaining for NES were used receiving 
either the primary antibody or PBS as positive 
and negative controls. In all the staining proce-
dures, the positive controls showed staining 
clearly and there was no staining in the nega-
tive controls.
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Cell viability

Cell viability was measured using 3-(4, 5- 
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT, Sigma, St Louis, MI) assay. The 
cultured hippocampal neurons in 96-well cul-
ture plates were divided into control group [cul-
tured neurons, which were neither pretreated 
with Tan IIA (the National Institute for the 
Control of Pharmaceutical and Biological Pro- 
ducts, Beijing, China) nor incurred OGD], OGD 
group (neurons were only OGD-ed for 6 h) and 
Tan IIA-pretreated groups (cells were pretreat-
ed with stepwise concentrations of Tan IIA for 
12 h and then OGD-ed for 6 h). Briefly, the neu-
rons in Tan IIA-pretreated groups were pretreat-
ed with stepwise concentrations of Tan IIA for 
12 h, then the cells in OGD group and Tan IIA-
pretreated groups were OGD-ed for 6 h, the 5 
mg/ml MTT solution was added into each well 
of all groups and incubated at 37°C with 5% 
CO2 for 4 h. After the removal of culture medi-
um, 150 μl dimethyl sulfoxide was added into 
each well to dissolve the formazan. The optical 
density was measured at 490 nm using an 
iMARKTM Microplate Reader (Bio-Rad, USA). 
Cell viability was expressed as the percentage 
of survival of control group (100%).

Lactate dehydrogenase (LDH) release and ad-
enosine triphosphate (ATP) bioluminescence 
assay

The release of cytoplasmic LDH to condi- 
tioned media was measured with the LDH Ac- 
tivity Kit (Beyotime Institute of Biotechnology, 
Haimen, China) as an indication of compro-
mised cellular integrity. The assay is based 
upon a coupled enzymatic conversion from 
2-p-iodophenyl-3-nitrophenyl tetrazolium chlo-
ride (INT) into a red formazan product. Ab- 
sorbance data of each well, which is propor-
tional to the number of damaged cells, was 
read at 490 nm by the microplate reader. The 
mean absorbance of each group was used to 
calculate relative LDH level (set control group 
as 100%).

Following Tan IIA pretreatment, intracellular 
ATP levels were determined using a biolumines-
cent ATP assay kit (Beyotime Institute of Bio- 
technology, Haimen, China) following the manu-
facturer’s protocol. Briefly, the cells were dis-
rupted in 200 µL lysis buffer and centrifuged at 
12,000/g to collect the cell supernatant. ATP 

content was measured using an ATP assay  
kit. Protein abundance was measured using a 
Bradford protein assay (Beyotime Institute of 
Biotechnology, Haimen, China), and ATP abun-
dance was normalized to total protein abun-
dance. ATP level was showed as % of control.

Flow cytometric analysis

Hippocampal neurons were harvested and re- 
suspended with PBS and labeled with Annexin 
V and PI in Apoptosis Detection kit (BD Phar- 
mingen, Bedford, USA) according to the manu-
facturer’s protocol. Cell apoptosis analysis was 
carried out with flow cytometry (BD FACSAria, 
BD Biosciences).

Caspase 3 activity assay

Hippocampal neurons were collected, washed 
twice with ice cold PBS and lysed in ice-cold 
cell lysis buffer (25 µl per 1×106 cells) for 15 
min on ice. After centrifugation at 12,000 g for 
2 min, the supernatant was collected for cas-
pase-3 activity determination by Caspase-3 
Activity Assay kit (Beyotime Institute of Bio- 
technology, Haimen, China) according to manu-
facturer’s protocol. The caspase-3 activities 
were expressed as the percentage of the con-
trol group (%).

Mitochondrial membrane potential (∆ψ) stud-
ies

The cationic fluorophore Rhodamine 123 (R1- 
23) concentrates in energized mitochondria 
and yields a punctate intracellular fluorescence 
in proportion to ∆ψ. Neurons in each group 
were collected and loaded with R123 (Sigma, 
St Louis, MO, USA) at 500 nmol/L for 30 min at 
37°C and washed with experimental buffer. 
The fluorescent intensity of cells (5×105/ml) 
was monitored using a dual-excitation fluo-
rospectrophotometer (EL05113056, Cary Ec- 
lipse, Australia) at 488 nm excitation and 535 
nm emission. The mean fluorescent intensity in 
each group was calculated and expressed as 
mean ± SD.

Intracellular calcium ([Ca2+]i) measurement

Changes in [Ca2+]i were measured by the ratio-
metric method in fura-2 AM-loaded cells at 340 
and 380 nm for excitation and 510 nm for 
emission (F340, 510/F380, 510). This ratio represents 
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Figure 1. Cultured hippocampal neurons (A) (400×) were characterized by NSE Immunocytochemical staining (B) 
(400×).

Figure 2. Effects of Tan IIA pretreatment on cell via-
bility of cultured hippocampal neurons incurred OGD. 
Contr represents control group in which hippocam-
pus neurons were neither pretreated with Tan IIA nor 
incurred OGD. The result was expressed as mean ± 
SD from three independent experiments. Calculation 
of statistical data was done by the statistical com-
puter system GraphPad Instat 3. One-way analysis of 
variance (ANOVA), unpaired t-test, and the two-tailed 
P value were used. **p<0.01 compared to control; 
#p<0.05, ##p<0.01 compared to OGD-ed group with-
out Tan IIA pretreatment.

relative changes in [Ca2+]i [29]. After two wa- 
shes with a loading buffer consisting of (in  
mM) 150 NaCl, 5 KCl, 5 glucose, 1 MgCl2, 2.2 
CaCl2, and 10 HEPES, pH 7.4, neurons (1×106/
ml) of each group were incubated with 5 µM 
fura-2 AM (Sigma, St Louis, MO, USA) and  
0.2% bovine serum albumin in the same buf- 
fer at 37°C for 30 min in dark. Then, the fura-2 
AM was removed by washing. The cells were 
incubated at 37°C for 10 min to convert the 

fura-2 AM-ester to the free acid form under  
the action of nonselective esterase. Cultures 
were washed twice to remove excessive Fura-2 
AM and incubated for an additional 20 min in 
dark to complete de-esterification of the dye. 
The fluorescence intensity ratio of the Fluo-2/
AM loaded cells was monitored using a dual-
excitation fluorospectrophotometer (EL0511- 
3056, Cary Eclipse, Australia). The results were 
expressed as means ± SD.

Ubiquinol-cytochrome c reductase, Rieske iron-
sulfur polypeptide 1 (UQCRFS1) expression

For UQCRFS1 mRNA expression, real-time RT- 
PCR was carried out. Briefly, Total RNA was 
extracted from the neurons with Trizol reagent 
(Invitrogen, Carlsbad, CA). The purity and quan-
tity of RNA were determined with an ultraviolet 
spectrophotometer (Shimadzu Scientific Ins- 
truments, Columbia, MD) with A260/A280  
ratio >1.8. Extracted RNA was reverse tran-
scribed with Prime ScriptTM RT reagent kit and 
oligo-dT primers (TaKaRa Biotechnology Co., 
Ltd. Dalian, China). The primers for the selec- 
ted gene (NM_001008888, Position: 662- 
876, Forward: GAGCGTGTAAAGAAGCCTGAAT, 
Reverse: CCCACAACAACTACATCACCAC) were 
designed and synthesized by TaKaRa Biote- 
chnology Co., Ltd (Dalian, China). The SYBR 
Green Master Mix (Applied Biosystems, Foster 
City, CA) was used for real-time RT-PCR analy-
sis. Differences in gene expression were cal- 
culated using threshold cycle (Ct) values with 
the internal control of GAPDH (NM_017008, 
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Figure 3. Effect of Tan IIA pretreatment on 
LDH release (A), ATP level (B), caspase-3 activ-
ity (C) and apoptosis (D and E) of hippocampal 
neurons incurred OGD. Contr represents con-
trol group. Data was expressed as mean ± SD 
from three independent experiments. *p<0.05, 
**p<0.01 compared to control group; #p<0.05, 
##p<0.01 compared to OGD group (without Tan 
IIA pretreatment).
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Figure 4. Effect of Tan IIA pretreatment on ∆ψ (A) and 
[Ca2+]i (B) of hippocampal neurons incurred OGD. 
Contr represents control group. **p<0.01 compared 
to control group, # #p<0.01 compared to OGD group 
(without Tan IIA pretreatment).

Position: 768-850, Forward: CCTGGAGAAACC- 
TGCCAAGTAT, Reverse: AGCCCAGGATGCCCT- 
TTAGT). The arbitrary assigned Ct value was 
subtracted for UQCRFS1 to generate relative 
expression levels. 

Following culture and treatment, equal am- 
ounts of hippocampal neurons were lysed in 
cell lysis buffer at 4°C for 30 min. Cell debris 
was removed by centrifugation at 15,000×g  
for 15 min. Equal amounts of proteins were 
separated by 10% SDS-PAGE and transferred 
onto nitrocellulose membrane. The membra- 
nes were incubated in the blocking solution  
for 2 h at room temperature and incubated  
with monoclonal antibodies (1:1000 dilution, 
Abcam Biotechnology, Cambridge, UK) at 4°C 
overnight, followed by extensive washing with 
PBS twice and TBST twice. The membranes 
were then incubated with corresponding hor- 
seradish peroxidase-conjugated secondary an- 
tibodies (1:1000 dilution, Santa Cruz Biote- 
chnology, Santa Cruz, CA) for 1 h at room tem-

perature and washed with TBST. GAPDH was 
used as an internal control. The immunoreac-
tive proteins were detected using an ECL Wes- 
tern blotting detection system (Amersham 
Biosciences). The blots were subjected to den-
sitometric analysis using ImageJ software  
(NIH Image analysis website http://rsb.info.nih.
gov/ij/).

Statistical analysis

Calculation of statistical data was done by  
the statistical computer system GraphPad In- 
stat 3. Analysis was performed using the sta- 
tistical software package SPSS v18.0 (SPSS 
Inc., Chicago, IL, USA). Data are presented as 
mean ± SD (standard deviation). Statistical 
analyses were performed using One-way ana- 
lysis of variance (ANOVA) and unpaired two-
tailed t-test. Differences at a p-value of less 
than 0.05 were considered statistically signi- 
ficant.

Results

Tan IIA attenuates OGD-induced cell death

Hippocampal neurons were cultured for 10-14 
days and identified by immunocytochemistry 
with NSE monoclonal antibody (Figure 1). The 
percentage of NSE-positive neurons was more 
than 92%. The survival of neurons pretreated 
with Tan IIA was measured by MTT assay after 
the cells were OGD-ed for 6 h (Figure 2). 
Exposure of hippocampal neurons to OGD, neu-
ronal survival was (61.5 ± 4.1)% as compared 
to control group (set 100%). After Tan IIA pre-
treatment at 3, 10, 30 and 100 µmol/L (mM), 
the cell survivals were (70.5 ± 2.1)%, (72.8 ± 
4.4)%, (78.8 ± 3.4)% and (83.5 ± 3.1)% res- 
pectively and higher than that of only OGD-ed 
group (all p<0.05). Based on these results, we 
concluded that Tan IIA can attenuate OGD-
induced hippocampal neuron death.

Tan IIA attenuates OGD-induced changes in 
LDH release, ATP level and apoptosis

After hippocampal neurons were incurred OGD 
for 6 h, culture supernatants and the cells  
were respectively collected for LDH concentra-
tion, ATP level and cell death detection. Cellular 
integrity damage was reflected by LDH level 
(Figure 3A). LDH levels in OGD group was 
(264.7 ± 19.3)% and higher than that of con- 
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Tan IIA attenuates OGD-induced changes in 
mitochondrial membrane potential (∆ψ)

∆ψ, which is in proportion to the fluorescence 
intension of R123, was monitored by fluo-
rospectrophotometer (Figure 4A). After expo-
sure to OGD for 6 hours, ∆ψ of the hippocampal 
neurons was markedly decreased by 58.6%  
as compared to the control group. The OGD-
induced ∆ψ reduction was rescued by Tan IIA 
pretreatment in a dose-dependent manner 
(Figure 4). 

Tan IIA attenuates OGD-induced changes in 
[Ca2+]i

Intracellular Ca2+ homeostasis is required for 
maintenance of cell survival. In this study,  
[Ca2+]i was detected by fluorospectrophotome-
ter and indirectly reflected by the F340, 510/ 
F380, 510 ratio of fura-2 AM (Figure 4B). After OGD 
induction for 6 hours, the [Ca2+]i of the primary  
hippocampal neurons was elevated by approxi-
mately 2.6 times as compared to the control 
group. Pretreatment of Tan IIA at 10 and 30 
µmol/L rescued the OGD-induced [Ca2+]i loss. 
(Figure 4).

Tan IIA rescued the changes in UQCRFS1 
expression after OGD-induction

After hippocampal neurons were incurred  
OGD for 6 h, both mRNA and protein level of 
UQCRFS1 were decreased in the cells as com-
pared to the control group. Tan IIA pretreatment 
attenuated the effect of OGD on the cells in a 
concentration-dependent manner (Figure 5).

Discussion

Tan IIA was shown to prevent PC12 cells from 
apoptosis induced by serum-free culture con- 
ditions [24], neural progenitor cell line C17.2 
from mitochondrial damage induced by 2,2’- 
azobis (2-amidino propane hydrochloride) and 
brain from damage by ligation of the right  
common carotid artery [22] or permanent mid-
dle cerebral artery occlusion [23]. In this stu- 
dy, we studied the effects of Tan IIA on pri- 
mary cultured rat hippocampal neurons sub-
jected to OGD. MTT assay demonstrated that 
Tan IIA pretreatment has neuroprotective ef- 
fects on the OGD-exposed cells in a concen- 
tration-dependent manner. However, the under-
lying mechanism remains to be fully under-
stood. As well known, neuronal function and 

Figure 5. Effects of Tan IIA pretreatment on mRNA (A) 
and protein (B) expression of UQCRFS1 in cultured 
hippocampal neurons incurred OGD. Contr repre-
sents control group in which hippocampal neurons 
were neither pretreated with Tan IIA nor incurred 
OGD. The result was expressed as mean ± SD from 
three independent experiments. Multiple compari-
sons were performed by ANOVA. *p<0.05, **p<0.01 
compared to control; ##p<0.01 compared to OGD-ed 
group without Tan IIA pretreatment.

trol group (not OGD-ed, set 100%) (p<0.01). 
Pretreatment of Tan IIA at 3, 10 and 30 mM 
reduced the LDH concentration by 20.9%, 
34.2% and 44.8% respectively compared to 
the OGD group. ATP level in OGD group was 
lower than that of control group, and the effect 
was attenuated by Tan IIA pretreatment (Figure 
3B). Caspase-3 activity detection (Figure 3C) 
and flow cytometry analysis (Figure 3D) showed 
that Tan IIA pretreatment attenuated elevation 
of caspase-3 activity and OGD-induced apopto-
sis of hippocampal neurons in a dose-depen-
dent manner. These results indicate that Tan 
IIA pretreatment reduced OGD-induced cell de- 
ath by ameliorating cellular integrity and de- 
creasing apoptosis.
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survival depend on a continuous supply of  
glucose and oxygen, used to generate ATP  
through glycolysis and mitochondrial respira-
tion. Apoptosis is an active, energy-dependent 
process that requires ATP to initiate the molec-
ular cascade [30]. Cells induced by integrity 
damage will release LDH (a sensitive indicator 
of cell damage, which is correlated with chang-
es in neuronal morphology [31]) into cytoplasm 
and generate less ATP. After OGD, LDH efflux, 
intracellular calcium concentration and apop-
totic percentage of the hippocampal neurons 
were increased, ATP level decreased, and intra-
cellular caspase 3 activated in this study. The 
effects OGD-induced on the neurons were 
attenuated by Tan IIA pretreatment in a concen-
tration-dependent manner. These data indicate 
that Tan IIA pretreatment can protect hippo-
campal neurons from apoptosis by reducing 
energy damage and ameliorating changes in 
intracellular calcium concentration, all these 
can be potentially beneficial for patients with 
ischemic diseases.

In all nucleated cells, mitochondria, as a cen-
tral platform in the execution of diverse cellu- 
lar events [32], are the principal generators of 
cellular ATP by oxidative phosphorylation, incor- 
porating the electron-transferring respiratory 
chain (complexes I-IV) and the ATP synthase 
(complex V). Damaged mitochondria produce 
less ATP [33], resulting in excessive production 
of reactive oxygen species [34], which stimu-
late the release of cytochrome c from mito-
chondrial inter-membrane space to the cytosol 
[35] and decrease cell viability [36, 37]. UQ- 
CRFS1, the Rieske Fe-S protein (RISP), is a key 
subunit of the respiratory chain protein Ubi- 
quinol Cytochrome c Reductase (UQCR, Com- 
plex III or Cytochrome bc1 complex) and one of 
the nuclear-encoded oxidative phosphorylation 
proteins. UQCRFS1 can be induced by serum 
[38] and generates an electrochemical poten-
tial coupled to ATP synthesis to transfer elec-
trons from ubiquinol to cytochrome c. Recently, 
UQCRFS1/RISP knockdown in breast tumor cell 
line led to decreased mitochondrial membrane 
potential [39]. In the current study, we analyzed 
the mitochondrial membrane potential and 
UQCRFS 1 expression to reveal the underlying 
energy amelioration mechanisms of Tan IIA pre-
treatment in OGD-exposed hippocampal neu-
rons. When the neurons were incurred OGD, 
decrease of mitochondrial membrane poten-

tial, ATP level and UQCRFS1 expression was 
observed. After pretreated with Tan IIA, these 
effects of OGD were ameliorated in the cells. 
These data indicate that Tan IIA pretreatment is 
involved in attenuating energy damage in hip-
pocampal neurons induced by OGD-exposure. 
For potential cerebral ischemia population, Tan 
IIA administration might be beneficial in attenu-
ating neurons damage and better prognosis 
when abrupt onset of hypoxia-ischemia cere-
bral disease.

In summary, the current study reveals that  
Tan IIA pretreatment rescues ODG-induced 
cells apoptosis and mitochondria dysfunction 
in hippocampal neurons by increasing UQCR- 
FS1 expression. However, further in vivo stud-
ies are necessary to address whether Tan IIA 
pretreatment is effective in neuron protection 
and neurobehavioral consequences in animal 
models. Exploring these issues will help de- 
veloping feasible strategy of Tan IIA pretreat- 
ment as a brain ischemic injury protective 
agent.
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